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(54) SIUCON CARBIDE SINGLE CRYSTAL AND METHOD FOR PRODUCING 
(57)Abstract 

PROBLEM TO BE SOLVED: To seal micropipe defects present in a 
silicon carbide single crystal in the inside of the silicon carbide 
single crystal. 

SOLUTION: A crystal substrate 1 is prepared. Opening parts of the 
micropipe defects 6 are coated with a coating material 5. When the 
crystal substrate is heat-treated, the micropipe defects 6 present 
in the crystal substrate 1 can be sealed in the inside of the crystal 
substrate 1. Then, the coating material 5 is removed, the silicon 
carbide single crystal is grown by using the crystal substrate 1 as a 
seed crystal. The grown silicon carbide single crystal is reused as 
the crystal substrate 1. The crystal substrate 1 is coated with the 
coating material 5 and the sealing process by the heat treatment is 
repeated. When the silicon carbide single crystal is grown by using 
the crystal substrate having sealed the micropipe defects as the 
seed crystal, since the micropipe defects are not succeeded in the 
sealed part, the micropipe defects can be sealed more by carrying 
out the sealing process reusing the grown silicon carbide single 
crystal as the crystal substrate 1 . 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A process of preparing a substrate crystal (1) which consists of silicon carbide monocrystal which has 
micropipe defects (6), A coating process which covers with covering material (5) at least one side of an opening of 
said micropipe defects formed in said substrate crystal, and by performing heat treatment, A blockade process of 
making said micropipe defects which exist in said substrate crystal blockading inside said substrate crystal, and 
making said at least some of micropipe defects into a blockade hole (7). After said some of micropipe defects 
remove said covering material of said substrate crystal used as a blockade hole. Said silicon carbide monocrystal 
grown up is again used as a substrate crystal including a growing process into which silicon carbide monocrystal is 
grown up by using this substrate crystal as a seed crystal, A manufacturing method of silicon carbide monocrystal 
making micropipe defects which repeat said coating process, said blockade process, and a growing process once [ at 
least ]. and are formed in this substrate crystal blockade. 

[Claim 2]After removing said covering material of said substrate crystal which was provided with the following and in 
which said micropipe defects became a blockade hole. A manufacturing method of silicon carbide monocrystal which 
repeats again a process of performing said coating process and said blockade process, once [ at least ]. and is 
characterized by making micropipe defects currently formed in said substrate crystal blockade. 
A process of preparing a substrate crystal (1) which consists of silicon carbide monocrystal which has micropipe 
defects (6). 

A coating process which covers with covering material (5) at least one side of an opening of micropipe defects 
formed in said substrate crystal. 

A blockade process of making said micropipe defects which exist in said substrate crystal by heat-treating 
blockading inside said substrate crystal, and making said at least some of micropipe defects into a blockade hole (7). 

[Claim 3]A manufacturing method of the silicon carbide monocrystal according to claim 1 or 2 characterized by said 
heat treatment temperature being 2200-2500 ^ in said blockade process. 

[Claim 4]A manufacturing method of silicon carbide monocrystal of any one statement of claim 1 thru/or 3 said 
covering material covering C (000-1) side of said substrate crystals in said coating process. 

[Claim 5] A manufacturing method of silicon carbide monocrystal of any one statement of claim 1 thru/or 4 including 
a process of arranging a surface-protection film for preventing heat etching of this covering material being carried 
out on the surface of said covering material In said coating process. 

[Claim 6]A manufacturing method of silicon carbide monocrystal of any one statement of claim 1 thru/or 5 
performing said heat treatment where said substrate crystal covered in said blockade process by said covering 
material is covered with carbonization prevention material. 

[Claim 7]A manufacturing method of silicon carbide monocrystal of any one statement of claim 1 thru/or 6 using 
silicon carbide monocrystal of 4H polymorphism as said substrate crystal. 

[Claim 8]A manufacturing method of silicon carbide monocrystal growing up silicon carbide monocrystal on this seed 
crystal by using as a seed crystal a substrate crystal which has the blockade hole which was manufactured using a 
silicon-carbide-monocrystal manufacturing method of any one statement of claim 1 thru/or 7, and by which 
micropipe defects were blockaded. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the silicon carbide monocrystal in which the manufacturing method 
and micropipe defects of the silicon carbide (SiC) single crystal in which micropipe defects were blockaded were 
blockaded. 
[0002] 

[Description of the Prior Art]When manufacturing a SiC single crystal by the improvement Rayleigh method (the 
sublimating method) by using a SiC single crystal as a seed crystal, the hollow breakthrough (diameter sub mum 
thru/or several micrometers) called micropipe defects (hollow penetration defect) develops along an abbreviated 
growth direction, and is inherent in a growth crystal. Since micropipe defects have an adverse effect on the 
electrical property of a device; the SiC single crystal with micropipe defects does not fit the substrate for device 
formation. For this reason, it has been an important technical problem to reduce micropipe defects. 
[0003]As a reducing method of micropipe defects, the method shown in a U.S. Pat. No. 5.679.153 specification, the 
patent No. 2804860 gazette, or the patent No. 2876122 gazette is proposed. 

[0004]The method shown in a U.S. Pat. No. 5,679.153 specification. If crystal growth is carried out by the liquid 
phase epitaxy method using SiC melting in silicon. It uses that micropipe defects are blockaded in the middle of 
epitaxial growth. The epitaxial layer (defect density: 0-50-cm"^) by which micropipe defects were reduced on the 
seed crystal (defect density: 50-400-cm~^) which has micropipe defects is grown up. 

[0005]The method shown in the patent No. 2804860 gazette, By using a field vertical to a field as a grown surface 
(0001) of a seed crystal, the single crystal in which a hexagon etch pit is not observed at all, i.e.. the single crystal in 
which micropipe defects do not exist, is grown up on a seed crystal on the occasion of alkali etching. 
[0006]The method shown in the patent No. 2876122 gazette. On the surface of alpha(hexagonal)-SiC single crystal 
substrate (seed crystal), by the thermochemical vapor-depositing (CVD) method, membrane formation of the 
polycrystal membrane of beta(cubic)-SiC or alpha-SiC. By repeating heat treatment to the complex obtained by it 
two or more times. By carrying out orientation (a certain kind of solid phase epitaxial growth) of beta-SiC of two or 
more layers, or the alpha-SiC polycrystal film to the same direction as the crystal axis of alpha-SiC single crystal 
substrate (seed crystal). The high quality which does not have crystal defects, such as micropipe defects, on a seed 
crystal, and the single crystal SIC of high thickness are grown up. 
[0007] 

[Problem(s) to be Solved by the Inventlon]The three above-mentioned methods both grow up a new single crystal 
on a seed crystal, and he is trying to reduce micropipe-defects density in the growth phase. 

[0008]For this reason, in the 1st method, in order to obtain a portion without micropipe defects, a not less than 20- 
75-micrometer epitaxial layer must be grown up by a liquid phase epitaxy method, and there is a problem that 
micropipe defects still exist below at that range. If single crystal growth is again performed by the sublimating 
method by using as a seed crystal the epitaxial layer formed In this way. Since the portion by which micropipe 
defects were blockaded is thin, the blockaded portion may sublimate, the opening of micropipe defects may be 
produced again, and the problem of being difficult also has sample adjustment of a seed crystal and rationalization of 
the sublimating method growing condition. 

[0009]On the other hand, in the 2nd method, although it is effective at the point which controls generating of 
micropipe defects, since a new stacking fault is introduced into the single crystal grown up, anisotropy is produced 
in the electrical property of a substrate and there Is a problem that it is not suitable as a substrate for electron 
devices. 

[0010]On the other hand, in the 3rd method, in order to form beta-SiC or alpha-SiC polycrystal film in the surface 
of alpha-SiC single crystal substrate (seed crystal) with a CVD method, the SiC complex which was inherent In the 
grain boundary Is obtained. If this complex is heat-treated and solid phase epitaxial growth Is carried out on a seed 
crystal, the microcrystal in beta-SiC or alpha-SiC polycrystal film carries out derivation growth (over growth), and 
the clear grain boundaries decrease in number with heat treatment, but. There is a fear of the crystal defect which 
made the cause the internal strain in the above-mentioned grain boundary, the crystal grain boundary accompanying 
an uneven phase transformation, etc. being introduced. Since such a defect serves as a source of a trap of a career, 
there Is a problem that it is not suitable as a substrate for electron devices. 

[001 l]Thls invention Is made In light of the above-mentioned problems, and generating of micropipe defects and 
succession are not controlled in a new growth phase, but it aims at enabling it to make the micropipe defects which 
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exist in silicon carbide monocrystal blockade inside silicon carbide monocrystal. 
[0012] 

[Means for Solving the Problem]In order to attain the above-mentioned purpose, in the invention according to claim 
1. A process of preparing a substrate crystal (1) which consists of silicon carbide monocrystal which has micropipe 
defects (6), A coating process which covers with covering material (5) at least one side of an opening of micropipe 
defects formed in a substrate crystal, and by performing heat treatment, A blockade process of making micropipe 
defects which exist in a substrate crystal blockading inside a substrate crystal, and making at least some micropipe 
defects into a blockade hole (7), After some micropipe defects remove covering material of a substrate crystal used 
as a blockade hole, silicon carbide monocrystal grown up is again used as a substrate crystal including a growing 
process into which silicon carbide monocrystal is grown up by using this substrate crystal as a seed crystal. A 
coating process, a blockade process, and a growing process are repeated once [ at least ]. and it is characterized by 
making micropipe defects currently formed in a substrate crystal blockade. 

[0013]Thus, if it heat-treats by covering a substrate crystal which consists of silicon carbide monocrystal with 
covering material, micropipe defects can be made to blockade inside a substrate crystal. And when growing up 
silicon carbide monocrystal by using as a seed crystal a substrate crystal which micropipe defects blockaded. Since 
micropipe defects are not inherited by silicon carbide monocrystal about a blockaded portion, silicon carbide 
monocrystal grown up is again used for a substrate crystal, and if small and a coating process, a blockade process, 
and a growing process will be repeated once, micropipe defects can be blockaded further. As especially shown in 
claim 7, since micropipe defects are hard to be blockaded, silicon carbide monocrystal of 4H polymorphism becomes 
effective [ performing a repetition blockade process ]. 

[001 4]A process of preparing a substrate crystal (1) which consists of silicon carbide monocrystal which has 
micropipe defects (6) in the invention according to claim 2, A coating process which covers with covering material 
(5) at least one side of an opening of micropipe defects formed in a substrate crystal, and by performing heat 
treatment, Micropipe defects which exist in a substrate crystal are made to blockade inside a substrate crystal. It 
has the blockade process of making at least some micropipe defects into a blockade hole (7), After micropipe 
defects remove covering material of a substrate crystal used as a blockade hole, a process of performing a coating 
process and a blockade process is repeated once [ at least ] again, and it is characterized by making micropipe 
defects currently formed in a substrate crystal blockade. 

[0015]By thus, a thing performed by repeating a coating process and a blockade process after performing a 
blockade process of micropipe defects. Since an enveloping layer is formed in a place where activation energy for a 
blockade is low probable at the 2nd blockade process, micropipe defects which were not blockaded at the 1st 
blockade process can also blockade more micropipe defects. 

[0016]As shown in claim 3, it is desirable for heat treatment temperature to be 2200-2500 ^ \n a blockade process. 
It is good for heat treatment temperature to be around 2400 more preferably. 

[0017]In the invention according to claim 4, it is characterized by covering C (000-1) side of the substrate crystals 
with covering material by a coating process. 

[0018]Since this (000-1) C side is a field into which it is easy to grow up silicon carbide monocrystal of 4H 
polymorphism, it is suitable by blockading micropipe defects in this field to grow up silicon carbide monocrystal of 4H 
polymorphism after a blockade. 

[0019]In the invention according to claim 5, it is characterized by including a process of arranging a surface- 
protection film on the surface of covering material by a coating process. 

[0020]Thus, by arranging a surface-protection film on the surface of covering material, while covering material heat- 
treats, it can prevent being removed by heat etching, and micropipe defects can be covered certainly. 
[0021]In the invention according to claim 6, it is characterized by heat-treating, where a substrate crystal covered 
with covering material is covered with carbonization prevention material at a blockade process. 
[0022]Thus, a substrate crystal can be prevented from being carbonized during heat treatment by covering a 
substrate crystal with carbonization prevention material. As this carbonization prevention material, gaseous phase 
raw materials, such as solid materials, such as powder containing SiC and Si, Silang, and propane, etc. are effective. 
These are effective in preventing heat etching of the covering material 5. 

[0023]Numerals in a parenthesis of each above-mentioned means show a correspondence relation with a concrete 

means of a statement to an embodiment mentioned later. 

[0024] 

[Embodiment of the Invention](A 1st embodiment) The embodiment shown in a figure is described hereafter. 
[0025]The outline sectional view of the thermal treatment equipment used for blockading the micropipe defects 6 of 
the substrate crystal (silicon carbide monocrystal) 1 is shown in drawing 1 . 

[0026]The thermal treatment equipment is constituted by the wrap lid 3 in the opening of the crucible 2 in which the 
upper part carried out the opening, and the crucible 2. These crucibles 2 and the lid 3 comprise graphite. 
[0027]In the crucible 2, the silicon carbide 4 used as the raw material for performing stably heat treatment for 
blockading the micropipe defects 6 with sufficient reproducibility is accommodated. When the substrate crystal 1 is 
supported on the lid 3 and the opening of the crucible 2 is covered by the lid 3, the placed opposite of the substrate 
crystal 1 is carried out to the silicon carbide 4. Hereafter, the mounting sur^ce side is called mounting surface side 
surface among both the surfaces of the substrate crystal 1. and the opposite hand of a mounting sur^ce is called 
non-mounting surface side surface. 

[0028] Although it is not illustrating in drawing 1. the resistance heating element made from graphite is arranged at 
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the periphery of the crucible 2, and this resistance heating element can ac(just the temperature of the substrate 
crystal 1. and the temperature of the silicon carbide 4 on the temperature in the crucible 2, and a concrete target 
Although not illustrated, the crucible 2 is put in in the container which can adjust the pressure of atmosphere, and 
introduction of the inactive gas into the crucible 2. etc. and acjjustment of ambient pressure power are possible for 
it. 

[0029]What expanded the neighborhood of the substrate crystal 1 of drawing 1 is shown in drawing 2 . As shown in 
drawing 2 , at least one surface (this figure the non-mounting surface side) of the substrate crystal 1 is covered with 
the covering material 5. For example, he is trying to cover C (000-1) side of the substrate crystal 1 with the 
covering material 5. Since it is a crystal face into which 4H polymorphism is grown up stably, if such a C side 
(carbon side) blockades the micropipe defects 6 in C side, it is suitable to grow up the silicon carbide monocrystat of 
4H polymorphism by using as a seed crystal the substrate blockaded after blockading. 

[0030]This covering material 5 precedes heat treatment for the micropipe-defects blockade mentioned later. For 

example, it is made to deposit on the substrate crystal 1 beforehand by liquid phase epitaxy methods, such as vapor 

phase growth, such as a chemical-vacuum-deposition (CVD) method, a molecular beam epitaxy (MBE) method, weld 

slag vacuum deposition, and the sublimating method, and a liquid phase epitaxy (LPE) method. 

[0031] Although both SiC of the same crystal form as the substrate crystal 1 and SiC of a different-species 

polymorphism are applicable to the covering material 5. when the material of the substrate crystal 1 is hexagonal 

form silicon carbide monocrystal. the cubic (3C polymorphism) silicon carbide epitaxial film is suitable. 

[0032]As the covering material 5, in addition, an SiC polycrystal object, a SiC sintered compact, amorphous SiC, The 

complex of carbon materials (for example, black lead, a carbon nanotube, fullerene, etc.), the material containing 

silicon, and a carbon material and high-melting point substances (for example, tungsten, tungsten carbide, boron 

nitride, etc.) are also applicable. 

[0033]In drawing 1 a nd drawing 2 , although what is necessary is just to have covered at least one side of both the 
surfaces of the substrate crystal 1 with the covering material 5 although the non-mounting surface side surface of 
the substrate crystal 1 is covered with the covering material 5 and it is not necessary to be necessarily a non- 
mounting surface side surface, it is desirable that it is a non-mounting surface side surface. Although the covering 
material 5 may be made to form on the substrate crystal 1 in advance of heat treatment mentioned later, it may be 
made to form on the surface of the substrate crystal 1 into a heat treatment process. 

[0034]As for this covering material 5. although it can be chosen in several micrometers - several millimeters, when 
the flexibility and the manufacturing cost of a heat treatment condition for a micropipe-defects blockade are taken 
into consideration, it is preferred to choose in several 10 micrometers - the range of 100 micrometers of numbers. 
[0035]Although it is arbitrarily selectable also in the thickness of the substrate crystal 1, When It takes into 
consideration that the direction which thickened the substrate crystal 1 can form at once many things which do not 
have micropipe defects more, and that there is possibility of modification and breakage and the operativity in a 
manufacturing process has a difficulty if the substrate crystal 1 is still too thinner, it is desirable to be referred to 
as not less than at least 100 micrometers. 

[0036]Heat treatment is performed after arranging the substrate crystal 1 constituted in this way in the thermal 
treatment equipment shown in drawing 1. 

[0037]The temperature of the substrate crystal 1 is made to become the range of 1 800-2500 ^ as temperature 
conditions of heat treatment at this time. When especially the substrate crystal 1 is 4H polymorphism, it is 
considered as heat treatment temperature [ relatively high temperature / method / usual / sublimating ] so that it 
may become a range whose temperature of the substrate crystal 1 is 2200-2500 **. The reason made into such a 
temperature requirement is because there is a problem of being it harder to blockade the micropipe defects 6 to be 
low temperature than 2200 ^ and there is a problem that the substrate crystal 1 carbonizes that it is an elevated 
temperature rather than 2500 **. By choosing such heat treatment temperature, gaseous phase diffusion of the 
composition atom of the substrate crystal 1, solid phase diffusion, and surface diffusion are promoted, and it 
becomes possible to raise blockade speed. As the example mentioned later showed, according to various 
experiments, the temperature of around 2400 was the heat treatment temperature which was most suitable for a 
micropipe-defects blockade. 

[0038]And the above-mentioned conditions were heat-treated, using the thing of 6H polymorphism and 4H 
polymorphism for example as the substrate crystal 1. The situation after performing the blockade process of these 
micropipe defects 6 is shown in drawing 3. This figure shows the section after a micropipe-defects blockade 
process when the thing of 6H polymorphism is used as the substrate crystal 1. 

[0039]As shown in this figure, when the thing of 6H polymorphism was used as the substrate crystal 1. all the 
micropipe defects 6 that had an opening on the surface of the substrate crystal 1 had become the blockade hole 7 
of the surface of the substrate crystal 1 blockaded from one way at least. 

[0040]About the mechanism by which the micropipe defects 6 are blockaded, it is guessed as follows. 

[0041 ]It is thought that the micropipe defects 6 became a hollow breakthrough in order that the screw dislocation 

core which has a big Burgers vector might ease big elastic strain energy (F. C.Frank Acta.Cryst.4 (1951) 497 

reference). 

[0042]The cloggring phenomenon of the micropipe defects 6 Is presumed that the phenomenon contrary to the 
mechanism of the above-mentioned micropipe defects 6 has occurred. The blockade inference model of the 
micropipe defects 6 is explained using drawing 4. 

[0043]The case where the substrate crystal 1 including the micropipe defects 6 In which the 3C-SIC epitaxial film 
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was formed as the covering material 5 is installed in the lid 3 made from black lead is considered ( drawing 4 ( a)). If it 
arranges in the thermal treatment equipment shown in drawing 1 in this state and heat-treats on suitable 
temperature and pressure conditions, in order to maintain the equilibrium vapor pressure at that temperature, 
Steamy kinds, such as Si. SiC2. and Si2C, sublimate like the arrow in a figure from the graphite of the circumference 
of the micropipe defects 6, a 3C-SiC epitaxial film, and a lid. ( Drawing 4 ( b)). 

[0044]Then, in [ although a reason still is not clear now ] the interface with the lid 3 made from black lead and the 
interface with covering material from the transmission-electron-microscopic-observation result of a blockade part, 
The micropipe defects 6 formed from the screw dislocation (Super Screw Dislocation) which has a big Burgers 
vector are decomposed, and it is 1c (in 6 H-SiC. at c= 1.5 nm.). c corresponds to c axial length of a unit cell. While 
becoming an aggregate (a stacking fault and edge dislocation are included) of several screw dislocations which have 
the following Burgers vectors, it is presumed that SiC deposited in the hollow hole. 

[0045] Because, the direction which is a hollow hole which has the surface in the part and where SiC deposited 
more. The surface energy disadvantage by forming the surface is solved, and further. In order that the fall of the 
free energy by molecule of the Secretary of State for the Environment (gaseous phase) being incorporated during a 
crystal may exceed the loss by the strain energy under crystal produced by the deposit of SiC, there is a profit of 
free energy as the whole system. For this reason, it is presumed that the sublimation-re-deposit (/rearrangement) 
advanced ( drawing 4 ( c), (d)). 

[0046]Although it explained that movement (diffusion) of the atom for a blockade was performed via the gaseous 
phase, the mechanism performed by the diffusion in a solid through a hole and an interstitial atom and the surface 
diffusion of a micropipe-defects wall surface may also be considered. 

[0047]The duty into which heat-treating by covering with the covering material 5 at least one [ which has the 
micropipe defects 6 of this embodiment ] field of the silicon carbide monocrystal 1 (the case installed in the lid 3 
made from black lead is also included) decomposes the Burgers vector of the micropipe defects 6 (screw 
dislocation) is achieved. It is presumed that the effect which the micropipe defects 6 are blockaded as a result, and 
serves as the blockade hole 7 was done so. 

[0048]On the other hand, when the thing of 4H polymorphism was used as the substrate crystal 1. there were some 
some which were blockaded among two or more micropipe defects 6, and there were some some which are not 
blockaded. 

[0049]That is. although it is thought that the covering material 5 has achieved the catalytic operation for the 
purpose of reducing the activation energy of a blockade of the micropipe defects 6 in a micropipe-defects clogging 
phenomenon in the case of 6H polymorphism. It seems that the catalysis with the clear covering material 5 is not 
achieved in the case of 4H polymorphism. 

[0050]And unlike the case of 6H polymorphism, in the case of 4H polymorphism, even if a blockade once starts, a 
blockade does not advance easily. Since this has a difference in those composition rearrangements (a screw 
dislocation, edge dislocation) and internal strain energy in the micropipe defects 6 under crystal of under the crystal 
of 4H polymorphism, and 6H polymorphism. At least in one side between polymorphisms and between each micropipe 
defects 6. it has suggested that the activation energy of a micropipe-defects blockade differs also in the one 
micropipe defects 6. When it experiments about the thing of 4H polymorphism, the micropipe defects 6 blockade in 
the shape of a dashed line, and are considered that the activation energy of a micropipe-defects blockade differs 
also from this. 

[0051]Then, since the micropipe defects 6 are blockaded thoroughly, the following processes are further performed 
after a blockade process. 

[0052]First, after picking out the substrate crystal 1 from the above-mentioned thermal treatment equipment and 
removing the covering material 5 from the substrate crystal 1. silicon carbide monocrystal is grown up into the 
substrate crystal 1 by the sublimating method etc. by using the substrate crystal 1 as a seed crystal. 
[0053]At this time, the micropipe defects 6 blockaded with the substrate crystal 1 are not inherited by the silicon 
carbide monocrystal (growth phase) into which the substrate crystal 1 was grown up as a seed crystal, but only the 
micropipe defects 6 which were not blockaded are inherited. 

[0054] For this reason, when the thing of 6H polymorphism is used as the substrate crystal 1, the micropipe defects 
6 are not inherited by the growth phase, but when the thing of 4H polymorphism is used, the micropipe defects 6 are 
inherited by the growth phase only about the portion by which the micropipe defects 6 were not blockaded. 
[0055]Then, the silicon carbide monocrystal grown up is cut down and the above-mentioned blockade process is 
again repeated by using this cut-down silicon carbide monocrystal as the substrate crystal 1. That is. at least one 
surface of the cut-down substrate crystal 1 is covered with the covering material 5, and heat treatment of the 
above-mentioned conditions is performed after that. 

[0056]Thereby, when the thing of 4H polymorphism is used as the substrate crystal 1. the micropipe defects 6 which 
were not blockaded at the time of heat treatment of the 1 st time are blockaded. Thus, by using the phenomenon in 
which the once blockaded micropipe defects 6 are not inherited by the growth phase. Even if the micropipe defects 
6 are not thoroughly blockaded by the micropipe-defects blockade process of 1 time, all the micropipe defects 6 
can be blockaded more by giving a micropipe-defects blockade process by using a growth phase as the substrate 
crystal 1 again. 

[0057]And since the micropipe defects 6 under 4H crystal which was difficult until now can be blockaded, the silicon 
carbide monocrystal in which the micropipe defects 6 do not exist substantially can be manufectured regardless of a 
polymorphism. 
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[0058]Although the case where the micropipe-defects blockade process of 2 times is performed is shown here. By 
carrying out by repeating a micropipe-defects blockade process 3 times or more, when the micropipe defects 6 do 
not blockade thoroughly as a line twice, also when the thing of 4H polymorphism is used as the substrate crystal 1. 
the micropipe defects 6 can be blockaded thoroughly. As mentioned above, in the case of 4H polymorphism, since 
the micropipe defects 6 are hard to be blockaded, especially the thing to perform by repeating the above-mentioned 
blockade process is effective but, and. Since the case where the micropipe defects 6 are not thoroughly blockaded 
at the micropipe-defects blockade process of 1 time in the case of 6H polymorphism or other polymorphisms is 
possible, in such a case, it is effective to carry out by repeating the above-mentioned blockade process. 
[0059]Thus. by starting the field (0001) (a substrate parallel to a field, or an off-axis board) where the micropipe 
defects 6 do not exist from the obtained substrate crystal 1. the substrate crystal 1 without the micropipe defects 6 
can be obtained. In this way, the obtained substrate crystal can be offered as it is as highly efFicient high withstand 
pressure, high frequency, a high speed, and a substrate for environmental-proof devices. By what is cut down and 
done for the processing treatment of many substrates from the silicon carbide single crystal ingot which is possible 
also for offering again the substrate crystal 1 in which the micropipe defects 6 were blockaded as a seed crystal of 
the sublimating method, and was obtained by this. Sharp reduction of the manufacturing cost of a silicon carbide 
single crystal substrate can be aimed at. 

[0060]And since the micropipe defects 6 once produced with growth can be blockaded in the monocrystal substrate 
into which the inside of the substrate and its substrate were grown up as a seed crystal. It becomes unnecessary 
for many growth experiments for expanding one by one, the large caliber-ized process, i.e., the substrate caliber, of 
a substrate, to take a great labor, and a manufacturing cost can be reduced substantially. 

[0061]As a modification of this embodiment, it may be made to perform the above-mentioned heat treatment in the 
state where the surface-protection member has been further arranged on the covering material 5. When a surface- 
protection member is arranged on the covering material 5, in thus, the case of heat treatment. The covering material 
5 sublimates by heat etching, and does not disappear, and since the state where the opening of the micropipe 
defects 6 was closed by the covering material 5 without the crevice is realizable at the time of heat treatment, the 
micropipe defects 6 can be made to certainly blockade. When removing the covering material 5 after forming the 
blockade hole 7, since the thickness of the covering material 5 or silicon carbide monocrystal does not change 
compared with heat treatment before, the amount of removal is known correctly, and it can prevent removing to the 
blockade hole 7. 

[0062]As a material of a surface-protection member, high-melting point substances, such as carbon materials, such 
as refractory metals, such as tungsten and tantalum, and black lead, a silicon carbide substrate, or silicon carbide 
powder, can be used. Since such materials are comparatively stable also at heat treatment temperature, they are 
preferred as a surface-protection member. 

[0063]Carbonization prevention material may be arranged near the substrate crystal 1 so that the substrate crystal 
1 may not carbonize in heat treatment The simple sectional view of the thermal treatment equipment which has 
arranged carbonization prevention material is shown in drawing 5 . As a carbonization prevention material, gaseous 
phase raw materials, such as solid materials, such as powder containing SiC and Si, Silang, and propane, etc. can be 
used, for example. These are effective in preventing heat etching of the covering material 5. 
[0064](A 2nd embodiment) Although silicon carbide monocrystal is grown up on the substrate crystal 1 which 
blockaded the micropipe defects 6, what cut down this silicon carbide monocrystal grown up is again used for the 
substrate crystal 1 and he is trying to repeat a micropipe-defects blockade process in a 1st embodiment of the 
above. It may carry out like this embodiment. 

[0065]First, a micropipe-defects blockade process is performed to the substrate crystal 1 covered with the covering 
material 5 like a 1st embodiment, and the micropipe defects 6 of the substrate crystal 1 are blockaded. Thereby, the 

substrate crystal 1 which no micropipe defects 6 blockade yet is obtained. 

[0066]Next the field where the micropipe defects 6 were blockaded among the substrate crystals 1 is started, and 
the covering material 5 is again arranged on this started surface. By doing in this way, the position covered with the 
covering material 5 can be changed. 

[0067]Namely, since the activation energy of a blockade differs for every place of the also in the one micropipe 
defects 6 as it explained in a 1st embodiment. By changing the covering position of the micropipe defects 6, it 
becomes possible to reduce the activation energy of a blockade, and all the micropipe defects 6 can be blockaded 
more. 

[0068]And a micropipe-defects blockade process is performed in the above-mentioned heat treatment condition. 
Thereby, if all the micropipe defects 6 have not blockaded thoroughly yet, the surface of the substrate crystal 1 is 
started and a micropipe-defects blockade process is repeated. 

[0069]By doing in this way, the micropipe defects 6 can be thoroughly blockaded within the thickness of the 
substrate crystal 1. Thus, the substrate crystal 1 in which the micropipe defects 6 were blockaded as well as a 1st 
embodiment can be used for a highly efficient device, or it can use as a seed crystal for silicon-carbide-monocrystal 
growth. 

[0070]Also in this embodiment, if carbonization prevention material is arranged for the surface of the covering 
material 5 a wrap and near the substrate crystal 1 by a surface-protection member as the modification of a 1st 
embodiment showed, the same effect as the above can be acquired. 

[0071]As a thermal treatment equipment for a micropipe-defects blockade, as shown in drawing 1. explained the 
case where arranged the substrate crystal 1 in the upper part of the crucible 2 in which the lid 3 is located, and the 
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silicon carbide 4 was arranged in the lower part, but. It is good as for a method of a wrap in the substrate crystal 1 
with the carbonization prevention material 4 so that it may be shown in devices other than this, for example, drawing 
5. It is applicable also to the case where arrange the silicon carbide 4 in the upper part of the crucible 2, and the 
substrate crystal 1 is arranged in the lower part. Although the thermal treatment equipment of the vertical mold was 
described, it is applicable also to the thermal treatment equipment of a horizontal type. The same effect is acquired 
even if a heating method also uses a well-known high-frequency-induction-heating method conventionally. 
[0072]Although the case where the substrate crystal 1 was silicon carbide was described, a described method is 
applicable also to the material which has hollow penetration defects, such as the other crystal, for example, ZnS etc. 

[0073] 

[Example] Hereafter, the example in this embodiment is described concretely. 
[0074](Example 1) This example experiments in a 1st embodiment of the above concretely. 

[0075]Defect density first prepares the substrate crystal 1 which comprised a SiC single crystal of 4H polymorphism 
with a thickness of 300 micrometers which has the micropipe defects 6 of about SO-cm^^, As the covering material 
5, the CVD method was used for C side of this substrate crystal 1, and the epitaxial film of 3C-SiC was formed in it 
by a thickness of about 15 micrometers. 

[0076]When observed using the differential interference microscope, the polarization microscope, and the scanning 
electron microscope, the opening of the micropipe defects 6 was closed by the epitaxial film of 3C-SiC without the 
crevice. The surface of the substrate crystal 1 uses the field Just (0001), and. as for the epitaxial film of 3C-SiC, the 
field (111) is formed as a grown surface. 

[0077]Next, where graphite slab about 800 micrometers thick is fixed to the surface of the above-mentioned 
covering material 5 with carbon system adhesives as a surfece-protection member, the substrate crystal 1 has been 
arranged to the thermal treatment equipment shown in drawing 1 . As a micropipe-defects blockade heat treatment 
process, ambient pressure power performed heat treatment of 24 hours, as the temperature gradient between 2390 
>M<, the silicon carbide 4. and the substrate crystal 1 became ^0 (temperature of the silicon carbide 4 = 2400 
in the temperature of 6.67x10 ^Pa (SOOTorr) and the substrate crystal 1. 

[0078]After carrying out mirror polishing of the substrate crystal pass such a process in parallel with a field (0001), 
the surface was observed in detail using the differential interference microscope and the polarization microscope. 
As a result, it is about 20% of the whole which the opening had exposed from the crystal surface among the 
micropipe defects 6, and about 80% of the remainder had been in the state which does not have an opening in a 
mirror polishing face, i.e.. the state where it was closed thoroughly. 

[0079]The sublimating method growth was performed by using as a seed crystal the substrate crystal 1 obtained at 
such a process. Then, after cutting down and carrying out mirror polishing of the substrate crystal 2 from the 
monocrystal ingot of 4H obtained polymorphism, micropipe-defects density was evaluated using the polarization 
microscope. As a result, that micropipe-defects density was about 50-cm"^ before giving a micropipe-defects 
blockade process was decreasing to about 10-cm~^. 

[0080]And as a result of repeating the above-mentioned whole process again, micropipe-defects density decreased 
to about 1-cm"^ eventually. 

[0081] (Exam pie 2) This example experiments in a 2nd embodiment of the above concretely. 

[0082]Defect density first prepares the substrate crystal 1 which comprised a SiC single crystal of 4H polymorphism 
with a thickness of 300 micrometers which has the micropipe defects 6 of about 50-cm~^, As the covering material 
5, the CVD method was used for C side of this substrate crystal 1, and the epitaxial film of 3C-SiC was formed in it 
by a thickness of about 15 micrometers. 

[0083]When observed using the differential interference microscope, the polarization microscope, and the scanning 
electron microscope, the opening of the micropipe defects 6 was closed by the epitaxial film of 3C-SiC without the 
crevice. The surface of the substrate crystal 1 uses the field just (0001). and. as for the epitaxial film of 3C-SiC, the 
field (111) is formed as a grown surface. 

[0084]Next, where graphite slab about 800 micrometers thick is fixed to the surface of the above-mentioned 
covering material 5 with carbon system adhesives as a surface-protection member, the substrate crystal 1 has been 
arranged to the thermal treatment equipment shown in drawing 1. As a micropipe-defects blockade heat treatment 
process, ambient pressure power performed heat treatment of 24 hours, as the temperature gradient between 2230 
**, the silicon carbide 4. and the substrate crystal 1 became 60 ♦* (temperature of the silicon carbide 4 = 2290 **) 
in the temperature of 6.67x10 ^Pa and the substrate crystal 1. 

[0085]After carrying out mirror polishing of the substrate crystal pass such a process in parallel with a field (0001), 
the surface was observed in detail using the differential interference microscope and the polarization microscope. 
As a result, it is about 45% of the whole which the opening had exposed to the crystal surfxice among the micropipe 
defects 6, and about 55% of the remainder had been in the state which does not have an opening in a mirror 
polishing face, i.e., the state where it was closed thoroughly. 

[0086]The above-mentioned process was again repeated using the substrate crystal 1 obtained at such a process. 
Then, after carrying out mirror polishing of the obtained substrate crystal 1 in parallel with a field (0001), the surface 
was observed in detail using the differential interference microscope and the polarization microscope. As a result, it 
is about 25% of the whole which the opening had exposed from the crystal surface among the micropipe defects 6, 
and the thing of about 75% of the remainder had been in the state which does not have an opening in a mirror 
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polishing face, i.e.. the state where it was closed thoroughly. 

[0087]By repeating the above process twice [ further ], final nnicropipe- defects density decreased to about 5-cm~^. 
[0088](Example 3) This example shows the case where the thermal treatment equipment shown in drawing 5 is used 
to Example 1. 

[0089]Defect density first prepares the substrate crystal 1 which comprised a SiC single crystal of 4H polymorphism 
with a thickness of 300 micrometers which has the micropipe defects 6 of about 50-cm~^, As the covering material 
5. the CVD method was used for C side of this substrate crystal 1, and the epitaxial film of 3C-SiC was formed in 
both sides by a thickness of about 1 5 micrometers in it. 

[0090]When observed using the differential interference microscope, the polarization microscope, and the scanning 
electron microscope, the opening of the micropipe defects 6 was closed by the epitaxial film of 3C-SiC without the 
crevice. The surface of the substrate crystal 1 uses the field just (0001), and, as for the epitaxial film of 3C-SiC. the 
field (111) is formed as a grown surface. 

[0091]Next the substrate crystal 1 has been arranged to the thermal treatment equipment shown in drawing 5. 
Ambient pressure power as a micropipe-defects blockade heat treatment process 6.67x10 ^Pa (SOOTorr), The 
temperature of the substrate crystal 1 performed heat treatment of 24 hours, as the temperature gradient between 
the powder mixture and the substrate crystal 1 of SiC and Si as 2390 and the carbonization prevention material 
4 became several *♦ (temperature of the carbonization prevention material 4 = 2400 *♦). 

[0092]After carrying out mirror polishing of the substrate crystal pass such a process in parallel with a field (0001), 
the surface was observed in detail using the differential interference microscope and the polarization microscope. 
As a result, it is about 10% of the whole which the opening had exposed from the crystal surface among the 
micropipe defects 6, and about 90% of the remainder had been in the state which does not have an opening in a 
mirror polishing face, i.e., the state where it was closed thoroughly. 

[0093]The sublimating method growth was performed by using as a seed crystal the substrate crystal 1 obtained at 
such a process. Then, after cutting down and carrying out mirror polishing of the substrate crystal 2 from the 
monocrystal ingot of 4H obtained polymorphism, micropipe-defects density was evaluated using the polarization 
microscope. As a result, that micropipe-defects density was about SO-cm"^ before giving a micropipe-defects 
blockade process was decreasing to about 5-cm~^. 

[0094]And as a result of repeating the above-mentioned whole process again, micropipe-defects density decreased 
to about 0.5-cm~^ eventually. 

[0095](Example 4) This example shows the case where the surface-protection member of the covering material 5 is 
not used to Example 1 . 

[0096]Defect density first prepares the substrate crystal 1 which comprised a SiC single crystal of 4H polymorphism 
with a thickness of 300 micrometers which has the micropipe defects 6 of about 50-cm~^, As the covering material 
5. the CVD method was used for C side of this substrate crystal 1, and the epitaxial film of 3C-SiC was formed in it 
by a thickness of about 15 micrometers. 

[0097]When observed using the differential interference microscope, the polarization microscope, and the scanning 
electron microscope, the opening of the micropipe defects 6 was closed by the epitaxial film of 3C-SiC without the 
crevice. The surface of the substrate crystal 1 uses the field just (0001), and, as for the epitaxial film of 3C-SiC, the 
field (11 1) is formed as a grown surface. 

[0098]Next, the substrate crystal 1 has been arranged to the thermal treatment equipment shown in drawing 1. 
without using the surface-protection member of the covering material 5 used in the 1 st example of the above. As a 
micropipe-defects blockade heat treatment process, ambient pressure power performed heat treatment of 24 hours, 
as the temperature gradient between 2390 the silicon carbide 4, and the substrate crystal 1 became 10 ^'t' 
(temperature of the silicon carbide 4 = 2400 **) in the temperature of 6.67x10 ^Pa and the substrate crystal 1. 
[0099]After carrying out mirror polishing of the substrate crystal 1 pass such a process in parallel with a field 
(0001). the surface was observed in detail using the differential interference microscope and the polarization 
microscope. As a result, what the opening had exposed from the crystal surface among the micropipe defects 6 had 
been in the state, i.e., the state where it was closed thoroughly, where it is about 85% of the whole, and about 1 5% of 
the remainder does not have an opening in a mirror polishing face. 

[0100]The sublimating method growth was performed by using as a seed crystal the substrate crystal 1 obtained at 
such a process. Then, after cutting down and carrying out mirror polishing of the substrate crystal 2 from the 
monocrystal ingot of 4H obtained polymorphism, micropipe-defects density was evaluated using the polarization 
microscope. As a result, it only decreased to about 45-cm~^ that micropipe-defects density was about SO-cm"^ 
before giving a micropipe-defects blockade process. 

[0101]And as a result of repeating the above-mentioned whole process again, micropipe-defects density decreased 
slightly to about 40-cm~2 eventually. 

[0102]Thus, also when there is no surface-protection member, the micropipe defects 6 are blockaded, but since 
heat etching of the covering material 5 is carried out, it can be said that the blockade of the micropipe defects 6 is 
not enough compared with the case where there is a surface-protection member. 

[0103](Example 5) This example is a case where it heat-treats at low temperature comparatively rather than the 
temperature conditions of heat treatment in the above-mentioned embodiment. 

[0104]Defect density first prepares the substrate crystal 1 which comprised a SiC single crystal of 4H polymorphism 
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with a thickness of 300 micrometers which has the micropipe defects 6 of about 50-cm~^. As the covering material 
5. the CVD method was used for C side of this substrate crystal 1, and the epitaxial film of 3C-SiC was formed in it 
by a thickness of about 15 micrometers. 

[0105]When observed using the differential interference microscope, the polarization microscope, and the scanning 
electron microscope, the opening of the micropipe defects 6 was closed by the 3C-SiC epitaxial film without the 
crevice. The surface of the substrate crystal 1 uses the field just (0001). and. as for the 3C-SiC epitaxial film, the 
field (111) is formed as a grown surface. 

[0106]Next where a GURAFITO board about 800 micrometers thick is fixed to the surface of the above-mentioned 
covering material 5 with carbon system adhesives. the substrate crystal 1 has been arranged to the thermal 
treatment equipment shown in drawing 1 . As a micropipe-defects blockade heat treatment process, ambient 
pressure power performed heat treatment of 24 hours, as the temperature gradient between 2100 **. the silicon 
carbide 4. and the substrate crystal 1 became 10 ** in the temperature of 6.65x10 ^Pa and the substrate crystal 1. 
[0107]After carrying out mirror polishing of the substrate crystal pass such a process in parallel with a field (0001), 
the surface was observed in detail using the differential interference microscope and the polarization microscope. 
As a result, it is about 80% of the whole which the opening had exposed from the crystal surface among the 
micropipe defects 6, and about 20% of the remainder had been in the state which does not have an opening in a 
mirror polishing face. i.e.. the state where it was closed thoroughly. 

[0108]The sublimating method growth was performed by using as a seed crystal the substrate crystal 1 obtained at 
such a process. Then, after cutting down and carrying out mirror polishing of the substrate crystal 2 from the 
monocrystal ingot of 4H obtained polymorphism, micropipe-defects density was evaluated using the polarization 
microscope. As a result, that micropipe-defects density was about 50-cm~~^ before giving a micropipe-defects 
blockade process was decreasing to about 40-cm~^. 

[0109]And as a result of repeating the above-mentioned whole process again, micropipe-defects density decreased 
to about 30-cm"2 eventually. 

[0110]Thus, from the above-mentioned temperature conditions, even if it is low temperature comparatively, the 
effect which blockades the micropipe defects 6 is acquired, but it can be said that it is preferred to consider it as 
the temperature conditions shown by a 1 st embodiment 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] lt is a figure when the substrate crystal 1 has been arranged in the thermal treatment equipment which 
applies a 1st embodiment of this invention. 

[Drawing 2]I t is the figure to which the neighborhood of the substrate crystal 1 shown in drawing 1 w as expanded. 
[Drawing 3]I t is a figure showing the appearance of the substrate crystal 1 after perForming heat treatment as a 
micropipe-defects blockade process. 

[Drawing 4]I t is a figure for explaining the mechanism of a micro pipe- defects blockade. 

[Drawing 5] I t is a figure for explaining the thermal treatment equipment which has arranged carbonization prevention 
material. 

[Description of Notations] 

1 [ — A silicon carbide raw material, 5 / — Covering material, 6 / — Micropipe defects. 7 / — Blockade hole. ] — 
A substrate crystal, 2 — A crucible. 3 — A lid. 4 



[Translation done.] 
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[0014] Sl*^2 {Ci2t8©SW{c4s(,»rtt. V-/ >7 

p^w^i^^pi (6) ^mn>mmmm^^Bi}-^hfjihm 
w^^m ( 1 ) ?:ffls-r€>xgi, ate^B^ccjfj^snfc 

v^^^p/^•^:?•^^|iS©pa□g|5©^^:< i4>-:&^ft5S« 

14 (5) TMS-rsM^gt. MMS^is-rcitcj: 
•3 . s«igB^B(c#a-r -2. V ^ i7 p^^•'^ ^'^^lig^ssMB^ 
©rtgiJr^ss-a-. v-ri'P7^^7*^«jRg©ii>^c< i4>— 

SP*B1S?L (7) {cTSB1SXe<b=&WU. V'fi'O-'^- 

< <!:4>-|5I^0iSL/> a«ISB^(C?f$fiS3n-Ct,^SvWi/ 
[0 0 1 5 ] c:©J:^(c. -^-i ^xiJ^-(-:fX1^<DmMlL 

g^^fofc^^, M?ix?i. frmxs^ri^oMutf^ci 
i^Pife. 2@g©waiigrwai©fc«?)©?gi4^fci:>.;u 

J; 9 ^< ©-7-< ^P-'^•'^ 7'XR55:&mT€> C i*s-C# 

[0016] ^cfc. iS*i«3{ciS^J:^{c. HSXa-C 

\%. l^j!!iSjaS*2 2 0 0~2 5 0 O'Ci^.S©*'!^* 
J;'5i(fSU<WMtoa?aS*2 4 0 0-CB5^fCT 
■S©35i<fct,^ 

[0017] ii^^4tcfeig©^?g{c*j(,>r«. Max 
^-c«. asi^B^©^ ^© (000- 1) cH^test* 

[0018] C©(000-1) CBW4 H^BO^it 

-cv-fi?pyNV7-5^Pi?r&ist-^ci«:i«?> mm'ikK. 
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[0019] IS*^5 «:iBig©^ijg(c*ji»T«. tSSX 

[ 0 0 2 0 ] c ©<fc ^ tc, miun(Dmai<cmsmmm 

[002 1 ] it*«6 ccietfi©i%W{c*jt,»-r«. mmx 
[ 0 0 2 2 ] c©J: ^ tc. »S*SB^H*^{bl»±1vt*4rs 
S i CiS i ^$tf*0^^ci"©@^M^, >'^>> 

[002 3] ±ias^K©f§ilF^©tf faa' 
©-cab-s. 20 

[0024] 

[^Hj©^is©?g,«] (.mimmnm) liiT. m^cmr 
[ 0 0 2 5 ] 0 uc. (mtmmmi^^m) i © 

[0026] mmmmsict. ±si5*sp§pu/iis-:>H2 

■S-otI2©i§Pa5^S^Mf*3tCJ:01S^3nri.^ 

^„ cn6-5o«2i^flc3«^^7T'f h-c^^sn 

"CCi-S. 30 

[0 02 7] *oa2rt(c«. •7-ri7a>'N*>r:/i^RS6i& 

i*3±(c:^jtsn-5)j;^{c/i-3-c*j»3. -5o(S2©p§n 
SIJ*a[<*3-cS-:.)fci#«:. S«|gSlJ&s^{b^lS4«: 

was© ^ ^IggBffiJ^iggffiffliJ^ffi i tSSB© 

[0 02 8] ^cfe. 0 1 {C*Jt>-CS7nLr(r»«:li*i. ?> 
■oiS. 2 (DiH-mc it. i^'7V7'<V K©ffitn:^f^(**iB2S 40 
5ti-C*50. c:©ffital^fltK:J;or6oS2F«3©S 
:ftf*fl«jK:wS«MB^l©S^-?>g|{bS^4©iaS*i 

otaf 2 «#H»©jE;^j*i9^-r# -sg^rttcAn^nr 

*s<5. ■2.o«2F«3'^©^14;</X^©«A^. #HaiI 
:t»©sl^7&i pJtfe i ^j: o r t> 5. 
[ 0 0 2 9 ] 0 1 ©Sfie^B^ 1 ©a^^teAb/t^)©^ 
02«:^-r. a2fc^-rj;^«:. S«MS1 ©ii>i^c< i 

■^ri^i, m«. »««iSSi© (0 00- 1) CB* 50 
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-^>B) «. 4H^ff$*^S{CRSS3-«±5*SB^Br«. 
•Sfcfe. CBK:*jV^-Cv^i'n/W:7"^ffi6 5:Ha-rtl 

[0 030 ] C©MS«iP45«> f^a;T-Sv.Yi'n>''C'i' 
« (CVD) Sfe-^^^i^if ^J+i^- (MBE) £6-?>X 

( L p E ) i:(omnf&&mcj:-y x^ibmmm 

[003 1 ] mmn5 i tmci^^m<o 

s i c. mm^mcDs i ct>-rn4>®ffloitfef 
sk^Fb 1 ©w*4*57^:^f^Bf^^^bii«#M^©«^. 31 
:^B^B (3c^m) (Dmtmm:^- 1- + i. jusj&js l. -c 

[0032 ] C©fte. «MWf45 i L.r. S i C^$Sh% 
m) . afg*$tf«<54<!:;<7-d?>«*4©»-^i*. j&zjrm 
[0033] ^Sfc. 0 1 . 02 -ctt. 1 ©I^i8 

smmmm^mm.*in5'cmr>-ci,^i>ifi. mw^^ i © 
M^B©^i>^j:< ti>-:^^mm.ttn5-cm'>xi,^tntj: 
< . !£:>-rb4>#tggBffliMB-c*^i£j>s»^ctr^3&5#«sa 
BffjaB-c*-5ci*sa*n,». tfc. mT^r^fmm 

[0 03 4] C©tga*t*45«. ia[ym~|^mm©ffiB 

/c*©^i{is^ft=©efiSiSijt=i;^ h^^^-r-si. 
mi oum-^m.! 0 0 tim<DmmxMiR-ri>cti)m^ 

[003 5 ] tfc. mmS^m 1 ©J13 ^>ttS{CSiRnI#e 

7-i»:K*5i&t^«>©%-SK:^<ffjfiXr#sci. 3 

1 J&s^-rr * K»©i5«614*J* 
7'P X 4i©Sf'P14K:aL.^.Ai* S i I ^ ^ c i ^#iit-r -5 
i. ii^J^C < i 4> 1 0 0 /imfel±<i:-r5©*iaibt>. 
[0 03 6] C©J:^(C^^$nSS^^1^01(C 

^n^j^aiigrttciBgufc©^. ^^«ia^js-r. 

[003 7 ] c:©i#. ^^KiEi©©S^iLr«. » 
^ai©SS*. 1 80 0~2 5 0 0*C©effliic4 

J: ^ (c-r !i#{c«tz<*B^ 1 ifi 4 H^m<Dm-^. mm 

S1©SS*«2 2 0 0~2 5 0 0'C©®H<!:Ji-5J:'5{C 

mm<o^mmj: o 4>J:bSJWi«f2a^t^jiasss<i: ort* 

So C©J:^>5:iae®HiL/fcaa«. 2 2 00-CJ:0 
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tmmmM&^mRr -s c i «: j; o . i 
^^o^mim. mmtm. mmtmimmsti. mm 

SSt^-C^nTJ; ^ (c> ffi^©|lilJcJ;n{i, 2 4 0 0 -Cbu 

[0 03 8] ^tr. a^i^ai iUr. 6 H 

^m. 4H^m(0'b<D^m<^>r±ns^f^(DmMm'S:mL lo 

[0 0 3 9] C<D0«:^3tX-5<J;^(C. S^i^B^liO 
?L7 i^CoTC^/c. 

[0 040 ] -7-<i;ci-'S>f:/^»;R|6*iB!S3n-5y*- 20 
[0 04 1 ] v-fi/a/A'-f 7"XRS6»:A:#)5:m'-*'-^ 

6tirii-2) (F. C. Frank. Acta. Crys 
t. 4 (1951) 497 #M) . 
[0042]v-^i'n^N--f :/^Rg 6 ©B5S35i^«±fB V 

7'}\^^mA^m<<>xmn-ti>, 30 

[0043] *j!a*t*45 4Lr3C-S iCxf^J^'S/ 
B% 1 *s||isS{©Mfli3 «:sa3nrt^-5Ja^*#^-5. 

(S4 (a) ) . C(Dt*i®rSlK:^0/t?»^JiSi|gF*9 

-f:7'^^Ri6<DJ^2. 3C-S i C J.f^ + S^i.;UMSO* 
^flw©i^'5 7T -C h*^e>. S i . S i C, . S i , 

<mMm.ifim^<r>9z^<Dji:^icm-m-rh. (04 

( b ) ) . 40 
[0044] ^<Jy^. m&1^tcM^\,tmhtP'-Ctji\,>i)\ 

3i©5!iBBRC;ftfiSW<!:©fSiSCC*Jt>r. :k^tj:^^-~:tf 

(Super screw Disl 
ocation) i)^hBfS,^tii>-7^ i^aj^^ zfCKf&Gt^^m 
Snr. 1 c ( 6 H - S i C©ti^. c = 1 . 5 n m 

cm. J]VmiiL>S:^t!) ttj:i,tt^ic, tp^JLtCS i 
CTjiflrmbifeiJiBesn^, 50 
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[00451 fi^jii^. ^comwudsi^xit, mrn^m 
3e>{c. ^ms (o^am^^icm^i^ittii, 

CtiCj:€,gSx;ti;U+--©(ST3&5. S i C©«fm{CJ: 
o r ^ D ^$S^4i©S;?^i *;u+'-{c J; -5,ii^^±lpi s 
/ci6. ^lfe<!:0-raix4^^l'+*-©fiJf#*i*S, C©/c 
t^H-SWa (/fliB^i) Ji^jitf U/t<t«B£3n5 
(04 (c) (d) ) , 

[0 046] fits. mm(Dfc^<Dm.^(D^m (Jttx) » 

^=^*:A• 1/ tcm»f>^mn. -7 d7 D :?"^|iiF«3S^ffi© 

[0 047 ] :^mMBm<D'7^ iiUJ^^ 6 

i>^\mM^^Fu 1 ©ii^^c < i i>-ij<m^MmA 5 

-e»SL-C (IIISMM«t3tci9:gL/c/cl:f©»^fe^ 

mi^tcm-^im. iiij[©v ^ o^nv ^-^fs 6 © ^. 
[0 04 9] ogeo. 6H^m(Dm^iat, mmtinb 

cm 6 ©B5S©^f bi* i^+*-*^gT3 <!: l» -5 
mvfmmj:i'^m^mtcLX:{^>i,t^^ibtli>ili. 4H 
^?fJ©J«^> ^St**45*5Wli/j:Mjif^ffl**/cU-Ct,» 

[0 05 0] 6H^^?^©«^i«^^c»3. 4H 

©v-r^'p>'^•-^:7•^«iR|6ic*^t,ir. 'en6©«BXi£{4 

m^&^tctb. ^f^ra-t'^v-r i7p/NV:7"^RS6©p^© 
^^c< i4>— :^K:*st,>-r. »— :$:©•7^^7p-'^•-r 
6^c*Jl»■cfev^^7py^•^' -p-xmrnmo^mmits. 

^)l^-iJimfaci:^7jk^LXl,^i,, 4H^J^©fc© 
{COl^m^L/ciC:^. v-^'^P7^V7•^>^ffi6*^S^^ 
i*CCKSLTfc'3. ^©Ci^ieibv^i/p/N-^yi^iRg 
HS©r£tt<ti*-'l/4^-3!>sS«c 4 6ns, 
[005 1 ]*cr. •7-^4^py^•>^7•^^:Pi6?:^:^lcB3 
S-r SfcJ6{cKSXg©f^{c ^ 6 (Ct^T©Xg€:tT 0 . 

[0052] ST. ±iHi^S!isj^a*>6««ies 1 

•JtBU. »flzifeH^l*i6«aM?45*|^*Ufc©:^. » 
[0 0 5 3] C<Dt^. Sffii^B^l^raiSSiL-C^fi 
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[0054] C<D/cdi). mW&^m 1 i 6 H^fl?©^> 

•7 i7 p ^ 6 i>mm $tltj:i)^-z> /cgp^tc oi, i T 

[0 05 51 C(Dft. fiSS5ti-fc^rbSmmifeS*^0 
mu. co^f) HI L/c^fb^m*S^B*S^a«iteB^ 1 

[0 0 5 6 ] CtltiCJi'O^ iUr4H^ffJ® 

>7 D>'^•^' y-cmmmnmcj: -^x-r-i^u^^^ yxm 

■5, 

[0 0 5 7 ] -eUT. Ctv3;-CBI8/cofc4HISSct>© 

I bS^miSS^^ji-r -S C «!: *^-C # -2. , 
[0058] ^C*J> CCT». 2S©-5'^^PA-f t/^j^ 

cfcoT. aSifeSl <tLr4H^Jg©4>©=5:fflt,>fc«^ 
fc 4> V >^ ^ p^^• 7*^P6 6 ^^^(cKS-r C i ^ 
-So ±^t/cj;^tc, 4H|J0©lt^(C(i-7^ ^7 

p ^ w y'xm 6 j&i^^ 3 ntc < i.>tcii>±iimmj:m^m 

(D^moym-^icioi^x'b, lS©-7■wi;p>'^wr/■^l^Rl&^ 
axfi-c^^K: -7 ^ ^7 p 6 i}^mm ^ n)S*> -5 

/ci«^*5WP^#•2)/c^^>. c©J:-5!Q:i*^«:«±IBB3SX 
e^ai D ig 5 C t *iWJS!l-C* -5), 
[005 9] C©J:^{Cl/Tf#e)n/c»KMa^l*^6v 

PM- H' 7-^^^ 6 TD^^aE LJSt,^«^ ( ( 0 0 0 1 ) ffi 

K:^?f^i:Sffi^b<«o f f -ax i s»«) ^r^OUJ 
■rci(Cj:r>-C. v-^d'P/^•-f7'^ 6 ©:&(,>»« 

r'-'W;^ffl©S«il/-C«-r«.Ci3!>s-C*S. */c. v 
p A ^ 6 ASMS $ n/cSflzitea 1 WytSU 

ffi©SMS<bor«-r-sc<b4>Die6-c*o. cniCct*) 
6 n/cM^k^mMS -r > =f 5. h *i esi^ < ©as* 
^•jmLTjDx^zfflif sci-c. ^fba3R*ea««© 
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SSBgn;^ h©;^^^j:ffi?liE*S.SCi*s-C#S. 

[0 0 6 0] -^-Lr^ —BfSM:!,cj:^r^otc-?-( pa 
-f 6 . ©a«4'-^^©aS5raiSH^ i L- -C 

©l^^< ©R£«ll^(c^;»j^c^;'7*S-r-Si£J^S*iJa:< i& 
[006 1 ] *IU6J^^©^«aii aS*t*45 © 

10 ^ ct^CcLr*>J;(,». c©J:^{c. mm^t^^^i^m 

i7p/%v7-^j:Ri6©iapsp*s. ?St5iwi45(cj:o-r 
^^i^j: < mtiWcu.m^mMmmi>cmmx^ :htcsb. v 

ifc. «^?L7«r0Rsu/c^. «s^^^s^5=&l^*■r■5l^ 
20 [0 0 6 21 mmmmmi<DmntLx it, nz^i/:^^ 

i»>^;UAj:£©iSi!iLi^, Mi8^w:i©*-#>W 

*5{.^xi>\mm^'^xi>i><Dxmmum^*it ur*?* 

[0063] s /c> ^tofflicfcti-ra^ss 1 As^^bL 
i&t* cfc ^ (c. StRifeB^ 1 ©ifi«^K:Kjbl»±«*4*iBS L 
■Cfecfcl,^. a5K:i^{blW±WI4€:BEgLfcS^«!M^© 

msrss^^-r, mtf^±mntLx. s i 

hit, mi¥tn5(om:i-'j^>^^m±-rifmi>iib 
[0 064] (m2mmnm) ±iem i *isjf^,«-c». 

•7^ ^7 p/W ■:f^m 6 ^B!SO/cS«Ma 1 ©±(Ci^<b 

^^<0mLtci>(D^nmS^Fm l tcffll^rv^ i7P7^• 
'f:7■^^Rgl3SX^i?^i^«3ig^J;^^CL■C^,>€)*^ 
Jf5®©J:!>«:UTfcJ:i». 

40 [ 0 0 6 5 ] 3; -r. 0 1 *ifeffj*gii5flitc. mim^ 5 
i5iHax?i*tf I, > . mw^^B 1 © ^ p ^ w ^-^xpi 6 

^mm-ti>, cntcJ:*). *)rc-r'^r©v-fd7P>'>->r::/ 
^^Rl 6 0 rt » Ajci 1 *if# p, n ^ . 

[0 06 6 1 ;5ctc. a^si©^^. v^5'p/^•-^:7• 

iBtcSSfefeStt*45*iBgr-S. c©J:5«:-rsc<b 
■c. Ma«i45{cj:or|ga-rscig«:^{fc3-if^ct 

50 [0067] rttfiir,, m 1 HJiffJSStctei^rsiwufc 
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[0 06 8] -eL/T. ±ia^a^fr(c-cv-f i'o>'>v 

[0 06 9] C©<fc^{C-r'5Ci-C, SSMS1©J1* 

Ma 1 1 mtmi&tmmicmm.m7=^'i-( ^icmm o 
fc *) . miwmmm^m&moymm^ i u -cfflt* -s c i 

[0 07 0 ] *iiife?f^^cc*3iir m 1 mmmm<D^ 

-CS^. &Df»«iSS 1 ©a^{c^fkP;5±**f4«ri2S-r 20 
^J:5{C-rn«, ±SB<»:l5l«©5ai**f#-5Ci*5rt 
■5. 

[007 1 ] ttiS^ -7 A if D^W 7'i>^ffiMS©fc*©S» 

g. 09^ «H 5 (c^T <fc ^ fc^^ bp;5±«i^ 4 TSRifeS 
?jnl^:^^iSe*^fti©i§i^?Slsai/)n«i:^«:fflt,^t: fe^ 

[007 2] ti^. W^^n 1 *i^fka«©«^K-:»(,^ 
[0 07 3] 

[0074] (.mmm i ) ;4^ss^«. ±120 1 njtjB 

[0 07 5] tifX^^'S.imh(icm-^<0-7^ *;vn^ 
-C^'^Jiffie^rWr-S/S? S 0 0 ym©4H^Jf$©S i C 

l©Cffi(CtSatm5iUr3C-S i C©ifi» + 2^ 

A:, 

[0076] m^^m^m. m^wm. ^mmf- 
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©iaPSP«3C-S i C©xf ^r=^r'>i'JHg|(Cj:o-CI« 

pa^c < ^j&mr t^fco 1 ©*ffl« ( 0 0 

0 1 ) i^i-;^ hffi^rffll^rteO. 3C-SiC©xf5J 

=¥'^^}vmit (111) ffi^fiSfiffli urjSMsnn^ 
[0 07 7 ] -^xic^ ±iEmmt^nB<Dmmicmmum^ 

ISiOT. #HaEE;'3*5 6. 67xl0'Pa(50 
0 T o r r ) . KfieigS 1 (DU&i)i2 3 9 0 'C. ^Yb]^ 

S4 1 ©p^©ssM*s 1 0 -c (mitmMA © 

SS=2 4 0 0-c) i^cSJ:^«:i/r2 4B#pa©?^s 

?:tf-3fc. 

[007 8] C©J; ^ Ja:Xg5:ig-Ci#6nfcS«MS* 

(0 0 0 1 ) mic^nicmmmmLtc^^. 

©M*> -7-<i^u^U y'X^ 6 © ^ ^ pgpg|5*5jge%^® 

*^6^aiL'ri,^fc^>©«^f*©*^2 o%r*o< 

8 0%«i^BW^tc*j(,»t:ggpsi5=£-mc!&(,>t^si. -r 

[0 07 9] C © J; ^ J^cXIirff 6nfc»«MB^ 1 4« 
*SB^<tO-C. #«6fe^fi*tf-^fc. ^©^. i#5nfc4 

V ^ ■fxmMnm^mrmK.mi 5 o c 

m-'-e*-3fc©*Si|i^ 1 0 cm-Hci^L/rc^fc, 

[0 0 8 0] ^hx. ±ia^is^sa^«3iiL.fcM 

[008 1 ] {m^m2 ) ±13^211*6?^ 

g8**f*e«)ociiii L. fc ^) ©r* s . 

[0082] S-r5i^Pi2g^3!)S|^5 0 cm-'©v-r i/a/^ 
-<:7'i«Cffi6«r*-r-&/»33 0 0 /im©4Ht^JI5©S i C 

^^B^HrtgfiSs nfcss^H^B 1 ^mm.h. c ©««kMb^b 

l©C®fC^gSW5N-5<!:Ur3C-S i C©if5? + i^ 
f >HK«:CVDiS?:ffl(,>T*^l 5 Mm©/P3-CJg^b 
fc. 

[0 08 3 ] m^^mi^m. my^M^m. ^m^^ 

©raPSP«3C-S i C©xb-d»+->i'Jl/MK:J:orRS 
mti:<mifitiX(,^fc, fiis. SSMSl©^a» (0 0 
0 1 ) + X hM^fflC^rJsO. 3C-S i C©xf:5r 

+'>i';HS» (111) M^fiEg®^ Lrgsssnrt* 
[0084] ^Xk:. ±iEMSWi^45©aBtc^®«Sg|i 

mmmmvmmofci^mx. m^i^^B 1 1 cc^ofc 
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JMtLX. ^mnS:hifi6. 6 7xio*Pa. 

1 (ouBtf)^ 2 2 3 0 'c^ ^itmm4 tmms^B i <d 
m<Dmmi)i6 o'c {^itim4(ouBi= 2290-0 

[008 5] C©J: ^:feXg=&St:f#6n/caK«*a* 

(000 1 ) micw-^i7i.cmmfmutcik, i^^mmm. 
comm. V >r a zfxf& e © ^ ^ p§ngp*si^s«® 
5%<,mmmmmtcioi^xmn^^mctj:(,>im. -rtj: 10 

[0086] C©J: ^ ^CXig-C»5n/cSSfeS 1 

tcmmi^m, 1^(0 0 0 1 ) micmmmmmmi'fc 

raPg|53{>^$SB%^ffi35^6SiaiL/-CC^fc^>©«^»©$^j2 5 

%x$)'o. m<om b%<Di>(D<,tmmmmmicisi.>x^ 

oTLifc, 20 
[0087] fe(±©7'P-feX*?6tC2lHl^i3iM-rc:<!: 
(cd;-,-C. «$^fi«J^cv-/i'P>'NV:7*^RS«S«*^5 cm 

[0 0 8 8] (mmms) ^miMmit. mmmiicML 

[0 089 ] i-rXf&mBLtfimb 0 cm-'©v-f ^p.'N- 
'f7-i»^|ii6t:W-rS^PS3OOMm©4Hgt0©S i C 

1©CS{CMS1=*3^45 il/TSC-S i C©if^ + ~> 

f ^Hli*CVD?S?rfflli-r*>)l 5 Mm©W$rjJ5ffiiCjf$ 30 

[0 090 ] Sf^^^es^. (s^tiiSti^. ^m^T 

©giPgp»3C-S i C©if3f+>'i' ;HgK:J:o-CE^ 
Pa«5:<a*sti-C(,»fc. ^cte. S«ifeSl©«fflW (0 0 
0 1 ) i^i-;^ hM^rfflC^Tfcf). 3C-SiC©xf^? 
+~>'i'>'Hi« (111) M*RS;SffiiL/-Cfi£M$n-C(,» 

[009 1 ] SffiSeS 1 (Cjj^Lfc^iJ^JI 

-c. nmmsjjfi^e. eyxio'Pa (sooTor 
r ) . m^m^ 1 ©se7&s2 3 9 o*c. mtm±un4 

t LX<DS i C i S i ©il^^iK^S 1 ©P^OS 
S^A5fl!fC (i^{bfi*±W*44©SS=24 0 0-C) i^c 
4<fc'5«:l,T2 4B#ra©?^toS^tfofc. 
[ 0 0 9 2 ] C©J: ^ :^j:Xg*«rf#6*ifc»ffiMS«: 

(0 00 1 ) mccw-nicmmmmiytcik. ss^^^^ 
is<tm^s^=&fflc»-c-e©as*f¥ifflK:ig^L,/c. -e 
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9 0%«g|fflWMfS(C*iC>r^PSU*j*fc>Sl>t*;SI. f 
[0093] C © J; ^ J&xe-Cff 6n/c»«MS 1 4a 

-^^-f i'CiA-fr^^PiBgSXS^SSTHiftcttl^JS 0 c 

[0 094]^L.T. ±fB^XIi*fl®^«3iIL/cM 
«*^W^C■7>^^^P>'^V7*^K^5g[*S|tJ0. 5 cm ' 

[0 09 5] (mmm4 ) ^^i^m, uss^ 1 ^mo 
ri&mttn 5 ©«B«g|gi5«?:fflc^^c3&w o 

[0 09 6] $-ri«:RiafS*s#fj5 0 cm-'©-?-^ i?a>'N' 

-l'7*5^RI6=S:Wr'SJl$3 0 0 /um©4H^ff$©S i C 

l©CMK:MSW*45iOr3C-S i C©Jif^f + -> 
f^HS^CVDffiJ&flSlir^fjl 5 /im©Jl$-Cf$J5SU 

[0097] m^mmmm. m^m^. m^m^^ 
©BgnsiJ«3c-s i c©if5'^->+;i'M{c<fc-:>ri® 

mj:<mtiitiXi.>fc, rj:^^ SSMb^I©^®^ (0 0 

0 1 ) S^i-;:^ hB5:fflC^rte"P, 3C-SiC©it"$ 
+->-j'>'l/M» (111) mi^SMt L/-CfiRM3n-C(,» 

[ 0 0 9 8 ] ;^(c. ±te^ 1 ilife^-effli^/cM^i^*45 
©as^asm^fflt^-ric, sffiMsi*siiC7i^ufc 
tmmmsicms vtc. v p /^v T-^i^Rg^ss^a 

XSibr. #HaE;'3AS6. 6 7X10' Pa. as 
1 ©m*i2 3 9 0 -C. U{t^4 tmW^m 1 © 

p^©iae[M3!»s 1 0 "c im.it^4 ©ss- 2400-0 

1 >i * J: ^ tc u r 2 4 B$ia©iSi*!ia4tf o fc, 

[0 099] C©J: ^ i^cXg€:grf#6n/c»SMB^ 1 

( 0 0 0 1 ) micmyicmmmmLft^. ss^t^s 

^ i iB?feSSI[l^ 4 ffl t, > -C -e ©«® »ifffl (C L/ /c. 
^©fe». p >f :/i»jRi 6 © 5 ^g§PSP*sMB^a 

mi 5%*s^ffiWg®{C*jl,»TPBPgil?r»/c^cC>t*iM. 

[0100] c©j: ^ ^iXgrfi^nfeaffi^B^ i 

H^^©#^S-r>a-^ h3&>e>«fi^B^2«:^DaL. 
FS^S5:ML./c. -e©igm. -^-^i^P^W^'^^iliilgS^ 

i'P>'^v::^^^raHSxli4^fe■rB^«:»$<J5 o c 

m-'-C*-3/c©3&sSiS)4 5 cm-'{Cj^L//c/ifW-C*^ 
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[0 1 0 1] -eur. ±ie^fi*sK. m*)Mofcm * 

[0102] C©<J:^CC. aM»SSPM*«^j:C>lS^fc^> 
T V P W 7'^«CRi 6 ©&m35S+^r Aj: I ^ i I ^ x S . 

[0 1 0 33 (mmms) ^mmit. ±izm^m^ic 

rj/cJft^-C*-2>„ 10 

[01043 it-rXf&^m.*^^5 0 cm-'<D-7-( i'a^i 
-rt/^RBe^rWT^IPSa 0 0 Mm©4H^J^©S i C 

KDCmdcWmUUb tLX3C-S i C©xfi? + i> 
f-'UM^rCVDsS^ffll^r^^l 5 iitm©J13rjfJfiSL/ 

/Co 

[0 1 0 5 3 m^'0m^m. m^mm. ^^mmf 

©Pingp«3c-s i Cie^+i/i';i/M(Ccfcorra 
«c < mufitixi^fc. txis. s«Mh^ 1 (omwit ( o o o 20 

1 ) i^-f X hM^&ffl(,>r*5«3. 3 C- S i Cif^ + '> 

^jim^t (111) m^mmmi: vxfgm:^tixi.^?>. 
[0106] Aic. ±imw.^n5<Dmmi>cm^ifo8 0 

met:. mw.m^\^mii>:.mi^fcm.^wmmK.^m.h 

Ejbi)^6. 65X1 0'Pa> S^Sl©iaS*S2 1 

0 0 -c^ ^imm4 iastes 1 ©rBi©sss*! 1 0 -c 

[ 0 1 0 7 ] c©J: ^ JiXg*STf#6n/c»KISH^4 30 

(000 1) micmficmmmmvtci^. iik^wm^ 
©te*. -7-<d/a/s-<yii^RS6©5^papgi53&iMa^®* 
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2 0%»^M?F^H(c*ji^rggpgp^}#/c^j:i»««8. "T 

[0108] c©j: ^ !&ig-cf#e>nfcaffiieH^ 1 

H^ff5©^MH^-<>d--;, h*^6S^^^2^W0au. 
it. V i7 ^ 7-^|!iffl^XS«: jS-rB0(C«i!!5j 5 0 c 

[0 1 0 9 ] -ecr. ±ii±j:m^m&. mK)MLtcm 

«*^W{Cv^^7P>'^Vr7•^«:RgigS*!^il^^)3 0 cm-'* 

[ 0 1 1 0 3 c © J; ^ (c, ±iaSS^fl^c): 0 J:W5W<gS 

[affi©^m^cSiB^3 

[013 *«?a©0 1 mmmm^Simm-r^mummmfH 
[02 3 01 tcs^-rs«isai ©ifi^*te:^L/c0-c& 

[H3 3 v-f ^7D>'^V:7•^^RIH«X®<!:Lr©lfe^^la>& 

tf o/cf*{c*ji:f sssiss 1 ©«^*^-r0-c*s. 

[04 3 v-i'i7D>'N--<::^i«:RIB3S©^:<7-;=CA?:lttlBT 
-S)tto©a-Cab-5, 

[05 3 ^fbKr±WI4?:iBgb)tfSliaiaiia*giHJ^^ 

/cj*©0-r*s, 
[ff-^©SiB^3 

l-a«^B^. 2 -Soa. 3-M<*> 4-gliba*IE 
7L 
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